The impulse of the electric field defined in this article has all the properties of a vector potential. This observable vector field depends on the history of the electromagnetic field. The gauge invariance of the dynamics of charged particles ensures that the instantaneous values of the electromagnetic field govern the motion.
Introduction
The vector potential appears in the canonical Hamilton formalism as an elegant mathematical trick (Goldstein 1959) to manage the Lorentz force (which does no work) in an energetic formalism. The equations of motion of the space coordinate after elimination of the canonical momentum are the usual Newton equations with electromagnetic forces, i.e. independent of the gauge of the potential.
In the Hamilton-Jacobi formalism, the vector potential plays a more fundamental role and the variable separation depends on the gauge of the vector potential. Again the individual trajectories are independent of the gauge, but the full bundle described by the action depends on it. In quantum mechanics the vector potential plays an even more fundamental role as pointed out by Aharonov and Bohm (1959) (see also Henneberger 1980 and references therein).
In the axiomatic derivation of the Schrodinger equation of Piron (1976) and Giovannini and Piron (1979) the definition of the observables is not really complete before the gauge of the vector potential is given.
I propose here a 'physical' choice based on the history of the electric field. Anticipations of the underlying physics may also be found in Weisskopf (1961) and Roy (1980 (1) This quantity may be called the 'impulse of the electric field at point x for the time interval to, t", and has interesting properties. First of all, with today's technology, measurements of a are easier to achieve than those of the field strength E in the last century! I consider a as an observable quantity.
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From the definition we have
Using the induction lawt 
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Suppose now that the induction field B is zero at the finite past time to in the space domain in which we are interested, then in this domain
Apart from a change of sign owing to the natural definition (l), a has all the required properties of a vector potential. The Hamiltonian of a particle of charge e in this electromagnetic field takes the simple form
The time-dependent a automatically takes care of both electric and magnetic forces. This expression is equally valid in quantum mechanics with the traditional replacement of coordinates by the appropriate Schrodinger operators.
The interest of equation (4) is mostly philosophical. Here, the potentials are eliminated and the dynamics depends on the field strengths, even more curiously from the electric field alone. The price to pay is to accept a kind of memory effect. At time t, Q is a functional of the past of the electric field.
It is now a question of taste in the interpretation of quantum dynamics. We may say that the potentials are the fundamental objects or accept the idea that the history of the electromagnetic field strengths plays a role in the dynamics.
Discussion
The impulse of the electric field Q carries its own gauge. It is interesting to compare it with the usual ones (see e.g. Jackson 1962) . Taking the divergence, we find
where the last equality holds in vacuum. If there is no charge density, "Q is a vector potential in the Coulomb gauge. This is the case if we vary the electric currents without displacements of the apparatus.
If we move the magnetic device, equation (5) may be misleading. Non-charged electric conductors which carry a current appear charged in other reference frames. As a result, the induced electric field contributes to the electric impulse a. For a slowly displaced magnetic field, Q remembers the path of the magnetic field in the laboratory. In this way we can achieve active gauge transformations, with a cyclic change of the magnetic field. This kind of process is used in all electromagnetic devices.
It is well known that different gauges lead to different mechanically conserved quantities (see Landau and Lifshitz 1958) for the same magnetic field. It is not so surprising any more: conserved quantities are related to symmetries. If a symmetry holds during the full process of establishing the 1:
'
' 0 n magnetic field, then the gauge of Q is compatible with the corresponding quantity. The appendix illustrates this fact with a simple example. My feeling is, that we gain in clarity in the discussion of paradoxes related to magnetic interaction if we take the time evolution of the magnetic field into account. It is exactly what we do to find the expression of the energy density of the magnetic field with the help of the induction law (Jackson 1962) .
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Appendix. Hamiltodacobi Quatiom and variable separation for B coonstant magnetic field for two Merent gauges Consider a charged particle of mass m and charge e in a homogeneous magnetic induction field B in the z direction, and look at its movement in the perpendicular plane. We know that the trajectories are circles and the movement is periodic with the angular frequency The canonical momentum p, has little to do with an ordinary one! The distance between the two caustics is twice the radius of a cyclotron orbit. In this case the trajectories exhibit translation symmetry, as we see from figure A.2. 
